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vPreface
Organic Farming–A Role Model for Productive  
and Ecologically-Sustainable Farming Systems
Europe has been the pacesetter for organic farming for 40 years. The fact that be-
tween 10 and 20 % of the farms and the agricultural land area have become certi-
fied organic in a few leading countries has attracted the attention of the scientific 
community and of policy makers. Scientific studies on public goods delivered by 
organic farms have become more numerous and encompass topical aspects such 
as soil fertility building, carbon sequestration, biodiversity at the plant, animal, 
and microorganism levels, and eutrophication of semi-natural and natural ecosys-
tems, etc. Support schemes for farmers have compensated for the delivery of pub-
lic goods.
The steady economic growth of the global organic food market has further fueled 
the public interest in organic agriculture. Is it a viable strategy that reduces the 
trade-offs between food and feed production on the one hand, while maintaining the 
regulating and supporting ecosystem services and landscape quality on the other? 
“Yes, but…” is the most often heard answer. “Yes” for the fact that organic farms 
are likely to reduce detrimental impacts on the environment and to maintain the 
quality of ecosystems. “But” because crop and livestock yields are, on average, 
less on organic farms. Without any changes to the wasteful way in which society 
handles, uses, and consumes food, a large-scale transformation of high-yielding 
farmland to organic cultivation might accelerate deforestation and (re)cultivation of 
ecologically-sensitive land.
The state-of-the art of scientific data on productivity is divergent and controver-
sial. While the crop productivity of organic farms appears to be 0.7–0.8 of that of in-
tensive farms in temperate zones, the yield ratio in marginal regions of Africa where 
subsistence farming is still widely spread, has been found to be in favour of organic 
farms Hence, in resource- and income-poor countries, organic farming seems to of-
fer an appropriate and low-cost way to increase productivity and to improve farm 
livelihood.
Despite its success in Europe and for specific cash crops on the world market, 
organic farming is still a niche, with only 1 % of agricultural land under organic 
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cultivation worldwide. Organic agriculture is challenged to unlock its potential: both 
as a role model and a real pathway to sustainability in agriculture and food systems. 
As a farming system, it is knowledge-intensive and resistant to overspecialisation. 
This is a challenge for scientists, farm advisors and farmers, and needs to be ad-
dressed by improving education and by enabling participation and inter-disciplinary 
research.
The concept of eco-functional intensification goes far beyond the restrictive 
use of fertilisers and pesticides. It requires a fundamental redesign of farms and 
fields, and entails more co-operation within the organic sector. Accordingly, live-
stock needs to be integrated into the nutrient and organic matter circuits in order 
to improve the robustness and resilience of both crops and animals, with the selec-
tion of well-adapted varieties and breeds. Finally, development pathways in organic 
agriculture also challenge agricultural sciences. While the basic principles of or-
ganic agriculture are persuasive and dynamic agroecological approaches, existing 
standards for the certification of farms and foods have become outdated. Creative 
research work and out-of-the-box thinking are needed to unleash social, ecological, 
and technological innovation in organic agriculture.
This book gives an outstanding analysis of what has been achieved, as well as an 
insight into what the future avenues for organic farming will be.
 Urs NiggliDirector of the Research 
Institute of Organic 
Agriculture (FiBL)  
Switzerland
Professor of Research 
Management, University 
of Kassel-Witzenhausen 
Germany
vii
Acknowledgments
We, as editors, would like to thank all the contributors who accepted to write chap-
ters and who made this book possible. We are particularly indebted to them for their 
flexibility in adapting their needs to the overall demands of such a project. Through 
their involvement in organic research projects and communities, they were able to 
contribute state-of the-art research results and provide new avenues for research. We 
also warmly thank the invisible colleagues who, despite their busy schedules and 
heavy workloads, accepted and took the time to review the manuscripts of all of the 
chapters: Claudine Basset-Mens, Patrick Brachet, Yvan Capowiez, Marianne Cerf, 
Peter Cornish, Enrique Dapena, Ika Darnhofer, Jean-Philippe Deguine, Dominique 
Desclaux, Jean-Jacques Drevon, Philippe Fleury, Ken Giller, Stuart Hill, Louise 
Jackson, Claire Lamine, Edith Lammerts van Bueren, Derek Lynch, Rod MacRae, 
Ian A Merwin, Michel Meuret, Naoufel Mzoughi, Astrid D. Oberson, Guillaume 
Ollivier, Susanne Padel, Daniel Plénet, Alain Ratnadass, Michael Raviv, Ewa Rem-
bialowska, Paul Robin, Natacha Sautereau, Otto Schmid, Eva Schmidtner, Bernard 
Seguin, Sylvaine Simon, Marc Tchamitchian, Isabelle Vagneron, Patrick Veysset 
and Christoph Winckler.
We also thank the Internal Committee for Organic Agriculture (CIAB), com-
prising representatives from various scientific disciplines and responsible for the 
implementation of INRA’s research programme, for the book rational preparation, 
reviewing and support: Joel Abecassis, Didier Andrivon, Marc Benoit, Jacques 
Cabaret, Philippe Debaeke, Sophie Prache and Isabelle Savini.
The structure and content of the book is also the fruit of the many interactions we 
had with various colleagues: from our research unit, Ecodevelopment (INRA, Avi-
gnon, France); and during meetings of the Scientific Council of Organic Agriculture 
(CSAB) and the various activities of the Mixed Thematic Network dedicated to 
OF&F development (RMT DévAB). Many exchanges with various stakeholders in 
the French organic sector also encouraged us to move forward with this initiative. 
Mentioning all of them would be too long, but organic farmers and their representa-
tive organisations were indeed a major source of inspiration to address current is-
sues and dynamics. At the international level, we highly benefited from the relation-
ships established with people involved in research projects, conferences and events. 
In addition to allowing us to compare our ideas with those of other communities, it 
viii Acknowledgments
also enabled us to improve our synthesis of the existing knowledge, to discover and 
appreciate other books, and to contribute to new projects. A pioneer scientist, Bertil 
Sylvander, requires special mention: he opened the way for research in OF&F at 
INRA, both with the CIAB and through international commitments. Concerning the 
editing of this book, we are grateful to Maryse Walsh (from Springer) who allowed 
us to see this book project through to the end.
We would also like to express our gratitude to Isabelle Savini and Alice Vet-
toretti, both deeply involved in getting this book into print. Their constructive com-
ments and assistance made it possible to complete the project. We also thank Gail 
Wagman for her contribution in revising and improving the final English versions 
of the various chapters.
ix
Contents
1  Organic Food and Farming as a Prototype  
for Sustainable Agricultures .....................................................................  1
Stéphane Bellon and Servane Penvern
Part I Systems’ Functionning
2  Soil Phosphorus Management in Organic Cropping Systems: 
From Current Practices to Avenues for a More Efficient  
Use of P Resources...................................................................................... 23
Thomas Nesme, Bruno Colomb, Philippe Hinsinger  
and Christine A. Watson
3  Eco-Functional Intensification by Cereal-Grain Legume 
Intercropping in Organic Farming Systems for Increased 
Yields, Reduced Weeds and Improved Grain Protein  
Concentration ............................................................................................. 47
Laurent Bedoussac, Étienne-Pascal Journet, Henrik Hauggaard-Nielsen,  
Christophe Naudin, Guénaëlle Corre-Hellou, Loïc Prieur, 
Erik Steen Jensen and Eric Justes
4  Regulatory Framework for Plant Protection in Organic Farming ....... 65
Bernhard Speiser, Lucius Tamm and Franco P. Weibel
5  Conservation Biocontrol: Principles and Implementation  
in Organic Farming ................................................................................... 83
Sylvaine Simon, Adrien Rusch, Eric Wyss and Jean-Pierre Sarthou
6  Agroecological Crop Protection in Organic Farming: 
Relevance and Limits ................................................................................. 107
Jean-Philippe Deguine and Servane Penvern
x Contents
7  Adapting Apple Ideotypes to Low-Input Fruit  
Production Agro-Ecosystems .................................................................... 131
Luciana Parisi, Laurent Jamar, Marc Lateur,  
François Laurens and Pierre-Eric Lauri
8  Alternatives to Synthetic Chemical Antiparasitic Drugs  
in Organic Livestock Farming in Europe ................................................ 149
Hervé Hoste, Smaragda Sotiraki, Helena Mejer, Felix Heckendorn,  
Veronika Maurer and Stig Thamsborg
9  Animal Healthcare Strategies in Organic  
and Conventional Farming........................................................................ 171
Christian Nicourt and Jacques Cabaret
10  Optimisation of Breeding Systems and Land use to Maximise 
Feed Self-Sufficiency and Economic Outcomes in Organic  
Sheep-for-Meat Production ....................................................................... 181
Marc Benoit and Gabriel Laignel
11  Experiencing Organic Mixed Crop Dairy Systems: A Step-
by-Step Design Centred on a Long-term Experiment ............................ 201
Xavier Coquil, Jean-Louis Fiorelli, André Blouet  
and Catherine Mignolet
Part II  Organic Performances
12  Using Life Cycle Analysis to Analyse the Environmental 
Performances of Organic and Non-organic Apple Orchards ................ 221
Aude Alaphilippe, Sylvaine Simon and Frank Hayer
13  The Potential of Organic Agriculture to Mitigate the 
Influence of Agriculture on Global Warming—A Review...................... 239
Adrian Muller and Claude Aubert
14  The Freedoms and Capabilities of Farm Animals:  
How Can Organic Husbandry Fulfill Them? .......................................... 261
Jacques Cabaret, Caroline Chylinski and Mette Vaarst
15  Breaking with the Animal Production Paradigm:  
A Major Issue for Organic Husbandry .................................................... 279
Jocelyne Porcher
xiContents
16  Food Quality and Possible Positive Health Effects  
of Organic Products ................................................................................... 295
Denis Lairon and Machteld Huber
17 Advances, Issues and Challenges in Organic Lamb Meat Quality ........ 313
Sophie Prache
18  Is Organic Farming Unsustainable? Analysis of the Debate 
About the Conventionalisation of the Organic Label ............................. 325
Geneviève Teil
Part III  Development Dynamics
19  Framing the Social, Ecological and Economic Goods  
and Services Derived from Organic Agriculture  
in the Canadian Context ............................................................................ 347
Derek H. Lynch, Jennifer Sumner and Ralph C. Martin
20  Does the Seed Sector Offer Meet the Needs of Organic 
Cropping Diversity? Challenges for Organic Crop Varieties ................ 367
Dominique Desclaux and Jean-Marie Nolot
21  Seeds for Organic Agriculture: Development of Participatory  
Plant Breeding and Farmers’ Networks in France ................................. 383
Véronique Chable, Julie Dawson, Riccardo Bocci  
and Isabelle Goldringer
22  Considerations for Enabling the Ecological Redesign  
of Organic and Conventional Agriculture: A Social Ecology 
and Psychosocial Perspective .................................................................... 401
Stuart B. Hill
23  Transitions Towards Organic Farming at the Farm  
and at the Local Scales: The Role of Innovative Production 
and Organisational Modes and Networks ............................................... 423
Claire Lamine, Mireille Navarrete and Aurélie Cardona
24  Contributing to a Transition to Sustainability of Agri-Food 
Systems: Potentials and Pitfalls for Organic Farming ........................... 439
Ika Darnhofer
25  Multi-Scale Integrated Assessment of Regional Conversion 
to Organic Farming (OF) .......................................................................... 453
Santiago Lopez-Ridaura, Sylvestre Delmotte, Christophe Le Page,  
Laure Le Quéré, Gaël Goulevant, Philippe Chauvelon, Alain Sandoz  
and Jean-Claude Mouret
Index .................................................................................................................. 479
xii Contents
xiii
Contributors
Aude Alaphilippe INRA, UE695 UERI Unité Expérimentale Recherches Intégrées, 
Saint Marcel les Valence, France
Claude Aubert Lempdes, France
Laurent Bedoussac ENFA-INRA, UMR1248 AGIR, Castanet-Tolosan Cedex, 
France
Stéphane Bellon INRA, UR0767 Écodéveloppement, Domaine Saint Paul, Site 
Agroparc, Avignon Cedex 9, France
Marc Benoit INRA, UR1213 Herbivores Saint-Genès-Champanelle, France
André Blouet INRA, UR055 SAD ASTER, Mirecourt, France
Riccardo Bocci AIAB, Florence, Italy
Jacques Cabaret INRA-Université de Tours, UMR1282 Infectiologie et Santé 
Publique, Nouzilly, France
Université Paris I—Sorbonne, Paris, France
Aurélie Cardona INRA, UR0767 Écodéveloppement, Domaine Saint Paul, Site 
Agroparc, Avignon Cedex 9, France
Véronique Chable INRA, UR980 SAD-Paysage, Rennes, France
Philippe Chauvelon Tour du Valat, Research Centre for the Conservation of 
Mediterranean Wetlands, Arles, France
Caroline Chylinski INRA-Université de Tours, UMR1282 Infectiologie et Santé 
Publique, Nouzilly, France 
Bruno Colomb INRA-INP Toulouse, UMR1248 AGIR, Castanet-Tolosan, France
Xavier Coquil INRA, UR055 SAD ASTER, Mirecourt, France
Guénaëlle Corre-Hellou LUNAM Université, Groupe ESA, UR LEVA, SFR 
4207 QUASAV, Angers Cedex 01, France
xiv Contributors
Ika Darnhofer Department of Economic and Social Sciences, University of 
Natural Resources and Life Sciences, Vienna, Austria
Julie Dawson Department of Horticulture, University of Wisconsin-Madison, 
Madison, WI, USA
INRA-CNRS-INAPG-Université de Paris 11, UMR0320 Génétique Végétale, 
Gif-sur-Yvette, France
Jean-Philippe Deguine CIRAD, UMR PVBMT, Saint-Pierre, La Réunion, France
Sylvestre Delmotte INRA-SupAgro-CIRAD, UMR0951 Innovation, Montpellier, 
France
Dominique Desclaux INRA, UE398 Diascope, Mauguio, France
Jean-Louis Fiorelli INRA, UR055 SAD ASTER, Mirecourt, France
Isabelle Goldringer INRA-CNRS-INAPG-Université de Paris 11, UMR0320 
Génétique Végétale, Gif-sur-Yvette, France
Gaël Goulevant INRA-SupAgro-CIRAD, UMR0951 Innovation, Montpellier, 
France
Henrik Hauggaard-Nielsen Department of Chemical and Biochemical 
Engineering, Technical University of Denmark, Lyngby, Denmark
Frank Hayer Agroscope Reckenholz Tanikon ART, Zurich, Switzerland
Felix Heckendorn Department of Livestock Science, Research Institute of Organic 
Agriculture (FiBL), Frick, Switzerland 
Stuart B. Hill School of Education, University of Western Sydney (Kingswood 
Campus), Locked Bag 1797, Penrith, Australia
Philippe Hinsinger INRA, UMR1222 Eco&Sols, Montpellier, France
Hervé Hoste INRA-Université de Toulouse-ENVT, UMR1225 IHAP Interactions 
Hôte-Agents Pathogènes, Toulouse, France
Machteld Huber Department of Healthcare & Nutrition, Louis Bolk Institute, 
Driebergen, The Netherlands
Laurent Jamar Department of Life Sciences, Unit Breeding & Biodiversity, 
CRA-W, Gembloux, Belgium
Erik Steen Jensen Department of Biosystems and Technology, Swedish University 
of Agricultural Sciences, Alnarp, Sweden
Étienne-Pascal Journet CNRS, UMR2594 LIPM, INRA, UMR1248 AGIR, 
Castanet-Tolosan, France
Eric Justes INRA-Université de Toulouse-INPT, UMR1248 AGIR, Castanet-
Tolosan, France
xvContributors
Gabriel Laignel INRA, UR 1213 Herbivores, Saint-Genès-Champanelle, France
Denis Lairon Univ d’Aix Marseille-INSERM-INRA, UMR1062 NORT Nutrition, 
obésité et risque thrombotique, Marseille, France
Claire Lamine INRA, UR0767 Écodéveloppement, Domaine Saint Paul, Site 
Agroparc, Avignon Cedex 9, France
Marc Lateur Department of Life Sciences, Unit Breeding & Biodiversity, CRA-W, 
Gembloux, Belgium
François Laurens INRA, UMR IRHS, Beaucouzé Cedex, France
Pierre-Eric Lauri INRA, UMR AGAP, Montpellier, France
Christophe Le Page CIRAD, UPR Green, Montpellier, France
Laure Le Quéré INRA-SupAgro-CIRAD, UMR0951 Innovation, Montpellier, 
France
Santiago Lopez-Ridaura INRA-SupAgro-CIRAD, UMR0951 Innovation, 
Montpellier, France
Derek H. Lynch Department of Plant and Animal Sciences, Dalhousie University, 
Truro, Nova Scotia Canada
Ralph C. Martin Department of Plant Agriculture, University of Guelph, Guelph, 
Ontario, Canada
Veronika Maurer Department of Livestock Science, Research Institute of Organic 
Agriculture (FiBL), Frick, Switzerland
Helena Mejer Department of Veterinary Disease Biology, Faculty of Health and 
Medical Sciences, University of Copenhagen, Frederiksberg, Denmark
Catherine Mignolet INRA, UR055 SAD ASTER, Mirecourt, France
Jean-Claude Mouret INRA-SupAgro-CIRAD, UMR0951 Innovation, 
Montpellier, France
Adrian Muller Research Institute of Organic Agriculture (FiBL), Frick, 
Switzerland
Christophe Naudin LUNAM Université, Groupe ESA, UR LEVA, SFR 4207 
QUASAV, Angers Cedex 01, France
Mireille Navarrete INRA, UR0767 Écodéveloppement, Domaine Saint Paul, Site 
Agroparc, Avignon Cedex 9, France
Thomas Nesme BORDEAUX SCIENCES AGRO-INRA, UMR1220 TCEM 
Transfert Sol-Plante et Cycle des Éléments Minéraux dans les Ecosystèmes 
Cultivés, Gradignan Cedex, France
Christian Nicourt INRA, UR1216 RiTME, Ivry, France
xvi
Jean-Marie Nolot INRA-Université de Toulouse-INPT, UMR1248 AGIR, 
Castanet-Tolosan, France
Luciana Parisi INRA, UR407 Pathologie Végétale, Avignon Cedex 9, France
Servane Penvern INRA, UR0767 Écodéveloppement, Domaine Saint Paul, Site 
Agroparc, Avignon Cedex 9, France
Jocelyne Porcher INRA-SupAgro-CIRAD, UMR951 Innovation, Montpellier, 
France
Sophie Prache INRA, UR1213 Herbivores, Saint-Genès-Champanelle, France
Loïc Prieur CREAB Midi-Pyrénées, LEGTA Auch-Beaulieu, Auch, France
Adrien Rusch INRA-Université de Bordeaux, UMR1065 Santé et Agroécologie 
du Vignoble, Villenave d’Ornon, France
INRA-Université de Bordeaux, UMR1065 Santé et Agroécologie du Vignoble, 
Villenave d’Ornon, France
Alain Sandoz Tour du Valat, Research Centre for the Conservation of Mediterranean 
Wetlands, Arles, France
Jean-Pierre Sarthou Université de Toulouse-INP-ENSAT-INRA, UMR1248 
AGIR, Castanet Tolosan, France
Sylvaine Simon INRA, UE695 UERI Unité Expérimentale Recherches Intégrées, 
Saint-Marcel-lès-Valence, France
Smaragda Sotiraki Veterinary Research Institute (VRI), Hellenic Agricultural 
Organisation “Demeter” (former NAGREF), Thermi, Thessaloniki, Greece
Bernhard Speiser Research Institute of Organic Agriculture (FiBL), Frick 
Switzerland
Jennifer Sumner Department of Leadership, Higher and Adult Education, Ontario 
Institute for Studies in Education, University of Toronto, Toronto, Ontario, Canada
Lucius Tamm Research Institute of Organic Agriculture (FiBL), Frick, Switzerland
Geneviève Teil INRA-AgroParisTech, UMR1048 SADAPT, Paris, France
Stig Thamsborg Department of Veterinary Disease Biology, Faculty of Health and 
Medical Sciences, University of Copenhagen, Frederiksberg, Denmark
Mette Vaarst Department of Animal Science, Aarhus University, Tjele, Denmark
Christine A. Watson Scottish Agricultural College, Aberdeen, UK
Franco P. Weibel Research Institute of Organic Agriculture (FiBL), Frick, 
Switzerland
Eric Wyss Research Institute of Organic Agriculture (FiBL), Frick, Switzerland
GLOBE Switzerland,  c/o Federal Office for the Environment, Berne, Switzerland
Contributors
